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Abstract
Avian reovirus (ARV) has been responsible for many cases of chicken tenosynovitis in China in recent years, causing high 
morbidity among layer and broiler chickens.  To study the degree of genetic divergence and evolution among ARVs, the full-
length nucleotide sequences of the σC-encoding gene of eight ARV field isolates and the entire coding-region sequences 
of four isolates were determined and analyzed.  The sequence analysis revealed that the eight σC-encoding genes shared 
99.0–99.9% nucleotide sequence identity with each other and over 99% with the chicken reovirus reference strain S1133. 
However, the nucleotide sequences of the eight σC-encoding genes varied extensively from that of isolate AVS-B (GenBank 
accession no. FR694197), with only 55.5% identity.  A sequence analysis of the whole ARV-coding region showed some 
nucleotide substitutions in the open reading frames encoding λA, λB, λC, μA, μB, μNS, σC, σA, σB, and σNS in the field 
strains.  A phylogenetic analysis showed that all eight isolates clustered in group I with S1133, but that four field isolates 
shared less homology with strain S1133 than the others, indicating that they had been evolved in the field.  We also stud-
ied the pathogenicity of two strains.  No characteristic lesions were observed in vaccinated chickens, and no virus was 
detected in sampled tissues.  However, an enzyme-linked immunosorbent assay revealed significant differences between 
the antibody responses of the inoculated groups and the negative controls.  These results revealed that Chinese isolates 
shared the highest sequence homologies with S1133, grouped together in one cluster.  Although the vaccination against 
ARV is used in farms, the pathogens still persist in Chinese poultry flocks.
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1. Introduction
Avian reovirus (ARV) is a member of the genus Orthoreo-
virus in the family Reoviridae.  Its genome of 10 RNA seg-
ments is divided into three size classes, designated large 
(L1, L2, L3), medium (M1, M2, M3), and small (S1, S2, S3, 
S4) (Spandidos and Graham 1976; Schnitzer 1985).  At 
least 10 structural proteins and five nonstructural proteins 
encoded by ARV have been described (Benavente and 
Received  11 August, 2015    Accepted  29 September, 2015
WEN Chu, E-mail: 476732144@qq.com; Correspondence CAI 
Xue-peng, Tel: +86-10-62158844, Fax: +86-10-62103602, 
E-mail: caixp@vip.163.com; ZHANG Guo-zhong, Tel: +86-10-
62733660, Fax: +86-10-62732984, E-mail: zhanggz@cau.edu.cn
© 2016, CAAS. Published by Elsevier Ltd. This is an open 
access art ic le under the CC BY-NC-ND l icense (http:/ /
creativecommons.org/licenses/by-nc-nd/4.0/)
doi: 10.1016/S2095-3119(15)61200-X
1847WEN Chu et al.  Journal of Integrative Agriculture  2016, 15(8): 1846–1855
Martinez-Costas 2007; Banyai et al. 2011).  The L, M, and S 
genome segments express three λ (λA, λB, λC), three μ (μA, 
μB, μNS), and four σ (σC, σA, σB, σNS) primary translation 
products, respectively.  Additional proteins, p10 and p17, are 
encoded by the first two cistrons of the ARV tricistronic S1 
gene.  The σC protein encoded by the S1 gene is a minor 
component of the outer capsid of the virion, is the cell at-
tachment protein of ARV, and can cause cellular apoptosis 
in vitro.  The σC protein is also the protein that predominantly 
induced the production of neutralizing antibodies against 
ARV.  Because of the powerful immunogenicity of σC, the 
S1 gene has become the basis of ARV genotyping.
ARV infections are responsible for significant economic 
losses in the poultry industry worldwide (Xie et al. 1997). 
In chickens, ARV is associated with tenosynovitis, runt-
ing-stunting syndrome, myocarditis, hepatitis, respiratory 
diseases, and even central nervous system infections 
(Liu et al. 2003; Van de Zande and Kuhn 2007; Banyai 
et al. 2011).  Live attenuated and inactivated vaccines are 
readily available to prevent ARV infection (Schnitzer 1985; 
Endo-Munoz 1990; Mallo et al. 1991).  They are considered 
the safest available vaccines and are used widely (Van der 
Heide et al. 1983).  Viral tenosynovitis is often controlled in 
broilers by the antibodies transferred to the progeny after 
the vaccination of the maternal fowl (Troxler et al. 2013), 
although the full effect is only achieved when the progeny 
are challenged with a homologous serotype (Rau et al. 1980; 
Wood et al. 1986).
However, recent studies based on the phylogenetic 
analysis of the immunogenic σC protein have indicated the 
existence of many genotypic variants, which have been clas-
sified into a distinct cluster within the ARV (Liu et al. 2003). 
These new ARV isolates seem to be distinct from the strains 
used in vaccines (Van Loon et al. 2001; Teng et al. 2013).
In China, several field isolates of ARV have been isolated 
from different provinces and the number of cases of ARV 
infection diagnosed by the Diagnostic Center of Livestock 
and Poultry Epidemic Disease (DCLPED) at China Agri-
cultural University has increased since 2008.  In this study, 
we examined the evolutionary relatedness of different ARV 
genes to understand whether diverse ARV genomes are 
present in China.  If so, this might explain the outbreaks 
of ARV in free-range and standard broilers.  We analyzed 
the nucleotide sequences of the S1 genomic segment from 
eight ARV field strains provided by the DCLPED, which were 
isolated at different times and geographic locations.  We then 
selected four of these isolates and determined the complete 
nucleotide sequences of the viral genomes, and investigated 
their genomic organization and their relationships with other 
ARVs.  Two isolates (SD09-1 and LN09-1) from different 
regions were selected to investigate their pathogenicity in 
specific-pathogen-free (SPF) chickens.
2. Materials and methods
2.1. Viral strains
Eight ARV strains (BJ10-1, HB09-1, HLJ09-1, LN10-1, 
HB10-1, LN09-1, SD09-1, and SD10-1) isolated from the 
tendons of diseased chickens with tenosynovitis/arthritis in 
different provinces of China in 2008–2010 were examined 
in this study (Table 1).  These isolates were passaged three 
times by inoculating the embryo yolk sacs of 6-day-old SPF 
embryonated eggs with the viruses.  After the embryos had 
died, usually at 3–5 days postinfection (dpi), the chorioal-
lantoic membrane (CAM) was collected and homogenized 
in phosphate-buffered saline (PBS; 20%, w/v) containing 
antibiotic (1 000 U mL–1 gentamicin), and then split into 1.5-
mL aliquots and stored at −80°C.  Briefly, each virus was 
titrated in embryonated eggs using serial dilutions from 10−1 
to 10−7, with five eggs per dilution.  All eggs were illuminated 
daily in a dark room to determine embryo viability.  The 105.0 
median embryo infective doses (EID50) of each ARV isolate 
was analyzed using the formula of Reed and Muench (1938). 
Infected CAM homogenates with titers of >105.0 EID50/0.2 mL 
were used as the sources of virus for infection.
2.2. Primer design and RNA preparation
Based on the nucleotide sequence of ARV isolate S1113 
(GenBank accession no. L39002), 21 pairs of specific 
primers (Table 2) were designed to amplify the σC-encoding 
gene and the complete genomes of the four ARV isolates 
HB10-1, LN09-1, SD09-1, and SD10-1.  Total RNA was 
extracted from 250 µL of clarified embryo homogenate using 
the TranZol RNA Extraction Kit (TransGen, Beijing, China), 
according to the manufacturer’s instructions.
2.3. RT-PCR
To determine the nucleotide sequences of the genomic 
segments of the ARV isolates, the purified genomic dou-
ble-stranded RNA from these isolates was used to generate 
cDNA clones with RT-PCR.  The primers used to amplify the 
S-class, M-class, and L-class genes were located at the 5´ 
and 3´ noncoding regions, and encompassed the λa, λB, λC, 
μA, μB, μNS, σC, σA, σB, and σNS ORFs.  The sequences 
and locations of the primers are shown in Table 2.  In the 
RT reaction, 5 µL of extracted RNA, 2 µL of dNTP mix (10 
mol L–1 each; Vigorous, Beijing, China), 5 µL of RNase-free 
water, and 20 pmol of specific primer were heated at 97°C 
for 5 min, and then placed in an ice bath for 5 min.  To this 
reaction mixture were added 4 µL of 5´ first-strand buffer, 
1 µL of dithiothreitol (100 mol L–1), 1 µL of 200 U mL–1 Super-
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Script III reverse transcriptase (Invitrogen, Carlsbad, USA), 
and 1 µL of 40 U mL–1 RNase inhibitor (TaKaRa, Dalian, 
China) in a final volume of 40 µL.  The RT reaction mixture 
was incubated at 55°C for 60 min, and then at 94°C for 3 
min to inactivate the enzyme.  The cDNA (5 µL) was specif-
ically amplified with PCR.  The reaction (total volume of 25 
µL) contained 12.5 µL of PCR SuperMix (Vigorous, Beijing, 
China), 10 pmol each of the upstream and downstream 
primers, and ddH2O.  Amplification was performed at 95°C 
for 5 min, followed by 35 cycles of 95°C for 35 s, 50°C for 
35 s, and 72°C for 1–2 min (depending on the length of the 
gene amplified), with a final extension at 72°C for 10 min.
2.4. cDNA cloning and sequencing
To study the genetic variations and evolutionary features of 
the genes and the phylogenetic relatedness of the ARVs, all 
the amplified cDNA fragments were cloned and sequenced. 
The purified PCR products were examined by electrophore-
sis on a 1.0% (w/v) agarose gel and visualized with GelSafe 
(Yuanpinghao, Tianjin, China) staining.  The PCR products of 
the expected lengths were sequenced directly or purified with 
the E.N.Z.A.® Gel Extraction Kit (Omega, Norcross, GA, USA), 
then cloned into the pEASY-T1 cloning vector (TransGen, 
Beijing), according to the manufacturer’s instructions, 
and sequenced at the Beijing Genomics Institute (Beijing, 
China).  Both strands of the cloned DNA fragments were 
sequenced and discrepancies between the sequences of 
the two strands were resolved by repeated reactions until 
a consensus was reached.
2.5. Analysis of nucleotide and deduced amino acid 
sequences
The nucleotide and deduced amino acid sequences and the 
possible secondary structures of the core, outer capsid, and 
nonstructural proteins of ARV were analyzed with the DNAS-
tar software package (DNAStar Inc., Madison, WI, USA). 
Table 1  Data for the eight Chinese avian reovirus (ARV) isolates analyzed in this study
Number Strain Isolation date (yr) Province/City Host Vaccination GenBank no.
1 HB09-1 2009 Hebei Layer No KP288868
2 HLJ09-1 2009 Heilongjiang Broiler No KP288869
3 SD09-1 2009 Shandong Breeder broiler Yes KP288847–56
4 LN09-1 2009 Liaoning Breeder broiler Yes KP288837–46
5 BJ10-1 2010 Beijing Broiler No KP288867
6 HB10-1 2010 Hebei Layer No KP288827–36
7 LN10-1 2010 Liaoning Broiler No KP288870
8 SD10-1 2010 Shandong Layer No KP288857–66
Table 2  Sequences of specific primers
Primer Segment Location (bp) Upstream primer (5´→3´) Downstream primer (5´→3´) Length (bp)
1 S1-1 9–920 GATGAATACATCCTCAGCGTGC ATGAATAGGCGAGTCCCGCTA 901
2 S1-2 780–1 605 GCTTTTTGAGTCGTCCCGCTA TTCCTGATTTCAAGCCTGAT 825
3 S2-1 13–790 GAGACCGAGCACACACGTAAG GCTTTTTCTTCCACGATGGCG 777
4 S2-2 502–1 320 GATGAATACATCCACGTGCTG CATGCCTGTTGAGCCTGAT 808
5 S3 11–1 220 GCTTTTTGAGTCCTCAGCGTGC GATGAATAGGCGAGTCCCGCTA 1 209
6 S4 13–1 167 GCAGCTGGTCAGACACTCTTTA TTCCTGATTTCAAGACGGGCAC 1 254
7 M1-1 2–1 295 CTTTTCTCGACATGGCCTATCT ACGACGTCTGAATACATTACT 1 293
8 M1-2 1 099–2 243 GTTTTTCTCATTCCCAGTTC TAACCCAGGGTTACCAGCATA 1 145
9 M2-1 1–1 224 GCTTTTTCAGTGCCAGTCTTTC CGACTGCATAACCAGAAGAAC 1 223
10 M2-2 1 104–2 112 TGGCTCCAGAAGGGGTCAGTT TCACCTCCCCGTGCATTCA 1 108
11 M3-1 1–1 200 GCTTTTTGAGTCCTAGCGTG TGCTCCAGTAACTGACCGCCT 1 199
12 M3-2 1 045–1 975 GTAACTCGATGGACCCGAGATG CGATTCACCAGGTATGCCAGAG 935
13 L1-1 18–1 475 CGAAATGAGTTCGCGCAAAGT ATCTGGAGATAGCGTCAGCAA 1 457
14 L1-2 1 223–2 722 CAGAGGATAAGGAGGGTAAAT AACATTGGTCTGAAGAGGAGG 1 499
15 L1-3 2 411–3 882 CGTCTATGCGGAATGCGATGA TAATGGTTCAGCGCGGGGAGT 1 471
16 L2-1 20–1 565 TGTCAACGGGTTTGATGATG GACGTCGCTGAACTTGGTTA 1 545
17 L2-2 1 391–2 781 TGGGTCTGGTGCTGCGTT A CGTTATGATCACATTGACC 1 390
18 L2-3 2 675–3 806 TTCTCCATACATGCCCACT TAATTCCTCGAGCCATGCC 1 231
19 L3-1 5–1 419 TTCCACCCATGGCTCAGATT CAGCACGATAGGAAGAAAAC 1 415
20 L3-2 1 359–2 650 GTTCATGGCCCAATTTCCTC GAGAATGCAGGACACAACATC 1 591
21 L3-3 2 480–3 860 TTGGGCCACGTTCACTGACTT CGCGGTCGTTTAGACTCTCA 1 380
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The nucleotide and predicted amino acid sequences of the 
S-class, M-class, and L-class genomic segments of the ARV 
isolates were used in a paired identity analysis to determine 
the extents of nucleotide and amino acid sequence identity 
and divergence between the strains.
A paired identity analysis of the homologous S-class, 
M-class, and L-class genes and proteins of the eight ARVs 
and other reovirus strains was used to examine the extent 
of the divergence within the genus Orthoreovirus.  The se-
quences and accession numbers for the various genes of 
these orthoreoviruses were obtained from GenBank (Table 3).
2.6. Phylogenetic analysis
The DNA sequences were compiled and edited with the 
DNAStar software package.  Phylogenetic trees based on 
the S-class, M-class, and L-class genes were constructed 
with the MEGA 4.1 software (Molecular Evolutionary Ge-
netics Analysis, ver. 4.1) using the neighbor-joining method 
(1 000 bootstrap replicates).  The evolutionary distances 
were computed with the pairwise distance method using the 
maximum composite likelihood model (Tamura et al. 2007).
2.7. Pathogenicity assessment in SPF chickens
120 1-day-old SPF male white leghorn chickens were used 
to determine the pathogenic potential of two ARVs.  The 
chickens were randomly divided into six groups, with 20 birds 
in each.  The chickens in these groups were inoculated with 
either 105.0 EID50 of strain SD09-1 or strain LN09-1 via one of 
two routes (muscle or footpad).  The control birds received 
the same volume of PBS.  All the birds were observed daily 
for clinical signs.  Two chickens from each group were drawn 
randomly for necropsy at 3 and 5 dpi.  The chickens were 
euthanized, necropsied, and examined for the presence of 
gross lesions, and the liver, spleen, kidney, bursa, thymus, 
and arthrosis-affected tissues were collected.  Each organ 
was stored at −70°C before DNA analysis with PCR.  The 
chickens were also bled at 21 dpi and the serum samples 
were tested for ARV-specific antibodys (Abs) with a commer-
cial enzyme-linked immunosorbent assay (ELISA; BioChek, 
Scarborough, ME, USA).
Each group, consisting of 20 1-day-old chicks, was 
maintained in a separate isolator at the China Agricultural 
University throughout the experiment and the rearing facili-
ties were approved by the Beijing Administration Committee 
for Laboratory Animals under the leadership of the Beijing 
Association for Science and Technology (approval ID: SYXK 
[Jing] 2013–0013).  The protocol (including the possibility 
of animal death without euthanasia) was specifically con-
sidered and approved by the Animal Welfare and Ethical 
Censor Committee of China Agricultural University.
Table 3  Viral strains used in this study and sequences numbers
Number Strain Host Country Isolation date (yr) GenBank no.
1 11-12523 Chicken France 2011 HE985296
2 11-12524 Chicken France 2009 HE985297
3 11-12525 Chicken France 2009 HE985298
5 11-17268 Chicken France 2010 HE985300
6 138 Chicken Canada 2002 AF218359
7 176 Chicken Canada 2002 AF218358
8 601G Chicken China 2001 AF297217
9 601SI Chicken China 2000 AF204947
10 916 Chicken China 2001 AF297214
11 918 Chicken China 2001 AF297215
12 1017-1 Chicken China 2001 AF297216
13 1733 Chicken USA 1997 AF004857
14 42563-4 Chicken USA 2007 DQ872801
15 AVS-B Chicken USA 2010 FR694197
16 B-98 Chicken China 2006 DQ643974
17 C-98 Chicken China 2006 EF057397
18 Fahey-Crawley Chicken Canada 2007 DQ868789
19 G-98 Chicken China 2006 DQ643975
20 GEL13a98M Chicken Netherlands 2004 AF354226
21 GuangxiR1 Chicken China 2000 KC183744
22 HB06 Chicken China 2006 EU526387
23 ISR525 Chicken Israel 2005 FJ793539
24 ISR528 Chicken Israel 2005 FJ793523
25 ISR5215 Chicken Israel 2007 FJ793531
26 J18 Chicken Israel 2008 JX478266
27 T1781 Chicken Hungary 2012 KC865792
28 T-98 Chicken China 2006 EF057398
29 03G Goose China 2009 JX145334
30 J18 Muscovy duck China 2008 JX478266
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3. Results
3.1. Sequence alignment and analysis of the S1 gene
The genomic S1 segments of eight ARV isolates (BJ10-1, 
HB09-1, HLJ09-1, LN10-1, HB10-1, LN09-1, SD09-1, and 
SD10-1) were sequenced and the sequences submitted 
to the GenBank database under the accession numbers 
shown in Table 1.  To obtain information about the genetic 
classification of these eight isolates, the sequences of the S1 
segment gene that encodes the σC protein were analyzed 
in pathogenic and vaccine strains (Table 3).
An alignment of the nucleotide sequences of the σC-en-
coding gene of the eight isolates was compared with the 
sequence of the chicken reovirus reference strain S1133 
(GenBank accession no. AF330703).  The eight ARV field 
isolates shared 99.0–99.9% nucleotide sequence identity 
and 97.9–100% amino acid identity with one another, and 
99.1–99.9% nucleotide sequence identity with S1133.  Four 
of the field strains (HB10-1, LN09-1, SD09-1, and SD10-1) 
shared less identity with strain S1133 (99.1–99.2% nucleo-
tide sequence identity) than the other four isolates (BJ10-1, 
HB09-1, HLJ09-1, and LN10-1, 99.8–99.9% nucleotide 
sequence identity).  Table 4 presents the single-nucleotide 
polymorphisms relative to S1133 in the σC open reading 
frames (ORFs) that result in synonymous or nonsynony-
mous amino acid substitutions.  Reovirus isolates HB10-1, 
LN09-1, SD09-1, and SD10-1 contained seven nonsynon-
ymous nucleotide substitutions in the σC protein gene (A798, 
T918, T1113, C1240, C1280, C1290, and C1424), whereas the nucleo-
tides in S1133 are T798, C918, C1113, A1240, T1280, T1290, and T1424. 
Reovirus isolates BJ10-1, HB09-1, HLJ09-1, and LN10-1 
contained few nonsynonymous nucleotide substitutions.
An alignment of the nucleotide sequences of the σC-en-
coding genes of HB10-1, LN09-1, SD09-1, and SD10-1 
showed that these strains are more closely related to the 
American strain S1133 than to the other four Chinese 
isolates.  This comparative analysis indicated that the σC 
genes of the field isolates share 99.0–99.9% sequence 
homology with the corresponding S1133 gene, but only 
~55.5% with that of the AVS-B strain (GenBank accession 
no. FR694197), which is associated with runting-stunting 
syndrome in broilers.  The σC protein, which is involved in 
the induction of apoptosis, is encoded by the S1 segment, 
and a comparative amino acid analysis revealed a similar 
tendency.
3.2. Alignment and analysis of genomic sequences
To study the genetic variations and evolutionary features of 
the other segments of the ARVs, we sequenced the entire 
coding-region sequences of four field isolates (HB10-1, 
LN09-1, SD09-1, and SD10-1) and compared the other seg-
ments with those of strain S1133.  The entire coding-region 
sequences of the four isolates showed 99.7–99.9% nucle-
otide sequence identity.  Table 5 presents the single-nu-
cleotide polymorphisms in the ORFs.  Reovirus isolates 
HB10-1, LN09-1, SD09-1, and SD10-1 contained eight 
synonymous nucleotide substitutions in the λA protein gene 
(A123, C381, C390, C1311, C1323, G1647, T2649, and T3345) relative 
to the S1133 gene (nucleotides G123, A381, T390, T1311, T1323, 
T1647, C2649, and C3345, respectively).  One nonsynonymous 
nucleotide substitution (G1070) resulted in an amino acid 
change at G350D of λA.  Strains HB10-1, LN09-1, SD09-1, 
and SD10-1 had 11 synonymous nucleotide substitutions in 
the λB protein gene (G692, A794, G897, C1460, A1553, T2462, T2711, 
C3105, G3195, T3449, and G3485), but only strain SD10-1 had non-
synonymous nucleotide substitutions T231 and A1600; about 
10 synonymous nucleotide substitutions in the λC protein 
gene (A319, C603, G672, G777, C1116, T1474, G1501, T2349, T2535, and 
G3184); three synonymous nucleotide substitutions in the μA 
protein gene (G142, T2014 and G2146) and three nonsynony-
mous nucleotide substitutions (C63, T1265, and A1581), leading 
to amino acid changes A17V, F418L, and E523G, respec-
tively; nine synonymous nucleotide substitutions in the μB 
protein gene (T402, T462, A509, T704, T814, C926, G1394, C1634, and 
C1712) and five nonsynonymous nucleotide substitutions (T616, 
T752, G1197, T1260, and G1473), leading to amino acid changes 
L196P, S262T, A390T, S411P, and D482N, respectively; only 
two nonsynonymous nucleotide substitutions in the μNS 
protein gene (T475 and A1374); two synonymous nucleotide 
substitutions in the σNS protein gene (A456 and T975); three 
synonymous nucleotide substitutions (T20, G201, and C486) 
and three nonsynonymous nucleotide substitutions (C497, 
C740, and A1120) in the σB protein gene; and three synony-
mous nucleotide substitutions (T134, A276, and G948) and five 
nonsynonymous nucleotide substitutions (C10, A287, A554, G571, 
and C653) in the σA protein gene.  Thus, nonsynonymous 
mutations leading to amino acid substitutions occurred 
Table 4  Summary of the single-nucleotide polymorphisms in 
the σC-encoding gene
ARV strains 
σC nt at position
798 918 1 113 1 240 1 280 1 290 1 424
S1133 T T T C C T T
BJ10-1 T T T C C T T
HB09-1 T T T C C T T
HLJ09-1 T T T C C T T
LN10-1 T T T C T T T
HB10-1 A C C A T C C
LN09-1 A C C A T C C
SD09-1 A C C C T C C
SD10-1 A C C A T C C
GuangxiR1 A T T C C C C
AVS-B C A T T T C A
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most frequently in the μB and σA protein genes of HB10-1, 
LN09-1, SD09-1, and SD10-1.
3.3. Phylogenetic analysis
A phylogenetic analysis of the S1 regions of the ARVs 
revealed that all eight isolates investigated in this study 
belonged to cluster I (Fig. 1), which also includes the vaccine 
strains S1133, 1733, and 2048.  Reovirus strains BJ10-1, 
HB09-1, HLJ09-1, and LN10-1 were more closely related 
to S1133 than to the HB10-1, LN09-1, SD09-1, or SD10-1 
strain.  The AVS-B sequences were clearly more distant 
from these strains.
The entire coding-region sequences of the four isolates 
LN09-1, HB10-1, SD09-1, and SD10-1 were also analyzed. 
Phylogenetic analyses based on the nucleotide sequences 
of the σA, σB, σNS, μA, μB, μNS, λA, λB, and λC protein 
genes revealed significant genetic diversity (Fig. 2).  The 
phylogenetic analysis of the λA protein gene showed that 
reovirus strains HB10-1, LN09-1, SD09-1, and SD10-1 
were more closely related to strain S1133 than to strain 
GuangxiR1 (GenBank accession no. KC183744), collected 
in Guangxi Zhuang Autonomous Region of China in the early 
years of ARV studies.  However, the sequence analyses of 
the λB and λC protein gene sequences showed that strain 
GuangxiR1 was closer to strain S1133 than to strain HB10-
1, LN09-1, SD09-1, or SD10-1.  The phylogenetic analyses 
of the μA and μNS protein genes revealed that reovirus 
strain SD10-1 was more closely related to S1133 than to 
the other three field strains.  In the phylogenetic analyses 
of the σB, σC, σNS, μA, μB, μNS, λA, λB, and λC protein 
genes, the AVS-B sequences formed distinct lineages and 
were clearly phylogenetically distant from the sequences of 
the other strains.  These results show that the ARV isolates 
circulating in Hebei, Shandong, and Liaoning provinces of 
China in 2008–2010 displayed a certain degree of sequence 
heterogeneity.  However, strains HB10-1, LN09-1, SD09-1, 
and SD10-1 were less similar to strains AVS-B and 138 
(GenBank accession no. AF218359).
3.4. Clinical signs and antibody responses
Chickens injected with EID50 of strain SD09-1 or LN09-1 
showed depression between 2 and 7 dpi.  However, no 
gross lesions or microscopic lesions were observed in any 
chicken, and no virus was detected from any inoculated 
chick, regardless of the route of inoculation when examined 
with RT-PCR.  The Ab responses to the two ARV strains 
are shown in Fig. 3.  The Ab responses to the viral proteins 
appeared at 21 dpi, with significant differences between the 
inoculated groups and the negative controls (P<0.001).  The 
chickens infected with strain SD09-1 had similar antibody Ta
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titers to those infected with strain LN09-1.
4. Discussion
ARV is widespread and ubiquitous among poultry flocks 
worldwide (De Herdt et al. 1999; Jones 2000; Biswas et al. 
2009), and ARV strains are associated with many diseases, 
including viral arthritis, tenosynovitis, and malabsorption 
syndrome (Kant et al. 2003).  They are also isolated from 
chickens with no obvious clinical signs.  Although ARV infec-
tions cause disease in poultry, only limited ARV sequences 
are available in the GenBank database (Robertson et al. 
2004).
In recent years, the increasing numbers of clinical cases 
Fig. 1  Phylogenetic tree based on the nucleotide sequences of the S1 genes of avian reovirus (ARV) strains, constructed with 
the MEGA 4.1 software. 
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Fig. 2  Phylogenetic trees based on the nucleotide sequences of the S2, S3, S4, M-class, and L-class genes of the ARV.
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of ARV infection have caused concern and many ARV strains 
have been isolated from most cases of ARV-related disease 
in many countries (Yin et al. 2013; Teng et al. 2014; Yu et al. 
2014).  Several isolates have been shown to display a high 
degree of sequence heterogeneity relative to the vaccine 
isolate S1133 (Lublin et al. 2011; Dandar et al. 2013), 
which may explain the recent outbreaks of ARV infection in 
routinely vaccinated chicken flocks.  Our aim in this study 
was to investigate the degree of genetic divergence among 
ARV field isolates and their evolution, and to identify the 
differences between S1133 and ARV isolates from China.
The nucleotide sequences of the full-length σC-encoding 
gene in eight ARV field isolates and the entire coding-region 
sequences of four of these isolates were determined and ana-
lyzed in this study.  Analysis of the σC-encoding gene revealed 
at least five different genotypes, including a distinct genotype 
for water fowl (cluster IV).  Our Chinese isolates (BJ10-1, 
HB09-1, HLJ09-1, LN10-1, HB10-1, LN09-1, SD09-1, 
and SD10-1) were closely related to strain S1133.  In a 
phylogenetic analysis based on the nucleotide sequences 
of their σC-encoding genes, these isolates clustered in 
the same clade as S1133, although four isolates (HB10-1, 
LN09-1, SD09-1, and SD10-1) showed some differences. 
We then compared other segments of these four isolates 
with those of S1133, and the results for the μA, λB, and λC 
protein genes also showed that they are closely related to 
strain S1133.  However, these four isolates showed high 
degrees of sequence heterogeneity in the other protein 
genes.  These results are similar to those of several earlier 
studies of other ARV isolates from Guangxi in China (Lin 
et al. 2007; Pu et al. 2008; Banyai et al. 2011; Lublin et al. 
2011).  According to our phylogenetic analysis, all eight iso-
lates belonged to cluster I, which also contained the vaccine 
strain S1133.  In a more detailed analysis of cluster I, the 
field isolates were separated on different small branches, 
which may explain, to some extent, the inefficiency of the 
vaccination program.
Fig. 3  Antibody responses to viral proteins in chickens 
inoculated with SD09-1 or LN09-1 by muscle or footpad 
injection, measured with an ELISA.  Serum samples were 
collected at 21 days postinfection (dpi).  Error bars correspond 
to the 95% confidence intervals.
To evaluate the pathogenicity of the field isolates, strains 
SD09-1 and LN09-1 were selected to challenge SPF chick-
ens, and the mortality, clinical disease, gross lesions, and 
microscopic lesions in the chickens were observed.  The 
two ARVs had not produced gastrocnemius tenosynovitis 
in the SPF chickens by 21 dpi when administered via the 
muscle or footpad route, and the clinical disease induced by 
the two isolates was mild.  Neither gross lesions nor micro-
scopic lesions were observed.  These results indicate that 
ARVs are probably not the only cause of tenosynovitis and 
other diseases in chickens in China, but further studies are 
required to determine the long-term effects of these viruses 
in inducing lameness in chickens.  These results also differ 
from those of several previous reports (Islam et al. 1988; 
Van de Zande and Kuhn 2007; Dandar et al. 2013; Troxler 
et al. 2013) and may be a strain-specific phenomenon. 
Moreover, some other factors might increase the susceptibil-
ity of chickens to ARV infection, such as poor management 
and mixed infections.
In summary, this study demonstrates that although 
several Chinese ARV isolates from different regions were 
classified in the same group as the chicken reovirus refer-
ence strain S1133, some of the field isolates shared less 
sequence identity with it than the others, indicating that 
they have evolved in the field.  Although the infected birds 
presented with no clinical disease, this was unusual because 
frequent outbreaks of clinical reovirus infections occur most 
widely in layer and broiler chickens.  More research is re-
quired to resolve this discrepancy.
5. Conclusion
In the present study, we characterize genetically avian 
reovirus Chinese strains isolated from commercial chickens 
reared in different geographic areas.  Our results revealed 
that Chinese ARV isolates shared the highest sequence 
homologies with S1133, grouped together in one cluster. 
Although the vaccination against ARV is used in farms, the 
pathogens still persist in Chinese poultry flocks.
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